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Abstract 


The  flashover  characteristics  of  the  water/vacuum 
insulator  assembly  of  the  Gamble  II  pulsed  power  gener¬ 
ator  at  the  Naval  Research  Laboratory  (NRL)  were  inves¬ 
tigated  to  determine  the  insulator's  applicability  for 
use  with  the  recently  assembled  Hawk  generator,  which 
features  inductive  store/plasma  opening  switch  (POS) 
technology.  Hawk  produces  a  1-ps  voltage  pulse  with  a 
peak  value  of  265  kV  at  the  vacuum  insulator  during  the 
POS  conduction  time.  When  the  POS  opens,  a  voltage 
pulse  as  high  as  1.5  MV  can  be  produced  at  the  switch . 
The  Gamble  insulator  was  originally  designed  for  -2  MV, 
75  ns  voltage  pulses.  Gamble  II  was  re-configured  for 
a  long-pulse  mode  to  produce  a  1  MV,  1.5  /is  wide  output 
pulse  for  these  tests.  Flashover  data  will  be  presen¬ 
ted  for  voltage  pulses  of  556  to  843  kV  with  the  time 
from  the  beginning  of  the  pulse  to  flashover  ranging 
from  0.8  to  2.25  /is.  It  was  found  that  the  results  did 
not  follow  the  familiar  t'1/6  relationship  for  flash- 
over.  Nevertheless,  the  performance  was  more  than 
adequate  for  this  application  and  an  identical  insula¬ 
tor  has  been  used  successfully  on  Hawk  for  nearly  a 
year. 


Introduction 


The  insulator  assembly  that  serves  as  the  interface 
between  water  and  vacuum  on  the  Gamble  I  [1]  and 
Gamble  II  [2]  pulsed  power  generators  at  the  Naval 
Research  Laboratory  (NRL)  was  designed  to  withstand 
2-MV  peak  voltage  pulses  of  70-80  ns  duration.  This 
diaphragm- type ,  non- segmented  insulator  has  been  deno¬ 
ted  as  the  "G5"  diode  insulator.  With  the  emergence  of 
generators  featuring  inductive  store/plasma  opening 
switch  (POS)  technology  [3],  a  study  was  undertaken  to 
determine  if  the  same  relatively  simple  and  inexpensive 
insulator  design  could  be  utilized  with  the  much  longer 
but  lower  level  voltage  pulses  associated  with  such 
generators.  In  particular,  it  was  desired  to  use  the 
existing  insulator  assembly  from  the  de-commissioned 
Gamble  I  generator  on  the  new  Hawk  [4,5]  generator 
recently  assembled  at  NRL.  In  this  application  the 
insulator  would  have  to  withstand  a  l-/is  voltage  pulse 
with  a  peak  value  of  265  kV  during  the  POS  conduction 
time,  plus  a  much  larger  (-1.5  MV)  but  shorter 
(60-80  ns)  pulse  at  the  time  of  switch  opening. 

Gamble  II  was  modified  to  test  the  G5  insulator  for  the 
long-duration,  lower-level  portion  of  the  Hawk  pulse. 
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Fig.  1.  Schematic  Layout  of  the  Gamble  II  Generator 
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Gamble  II  Experimental  Configuration 

The  Gamble  II  generator,  shown  in  Fig.  1,  was  modi¬ 
fied  for  the  insulator  test  by  short-circuiting  the 
intermediate  store  switch  and  the  output  oil  switch  to 
produce  a  MV-level,  /is-duration  output  pulse.  Circuit 
modeling  of  this  configuration  predicted  that  an  open 
circuit  output  voltage  of  -1  MV  with  a  full  width  at 
half  maximum  of  1.5  /is  could  be  produced  at  a  very 
modest  Marx  charging  voltage.  The  modeling  also  indi¬ 
cated  that  the  shape  of  the  output  pulse  could  be  im¬ 
proved  if  the  short  circuit  across  the  oil  switch  had 
an  inductance  of  1  pH.  This  was  accomplished  by  in¬ 
stalling  a  multi-turn  coil  between  the  switch  elec¬ 
trodes  . 

A  schematic  of  the  G5  diode  assembly  is  shown  in 
Fig .  2 .  The  vacuum  gap  between  the  negative  center 
conductor  hub  and  the  grounded  outer  conductor  was 
6.5  cm  and  the  radial  length  between  the  center  conduc¬ 


tor  and  outer  conductor  along  the  acrylic  interface  was 
30  cm.  The  insulator  voltage  was  measured  by  a  capaci¬ 
tive  voltmeter  located  5  cm  upstream  (toward  the  Marx) 
of  the  insulator  and  current  was  measured  by  a  resis¬ 
tive  shunt  located  10  cm  upstream  of  the  insulator. 
Insulator  flashover  was  evident  by  a  sudden  drop  in  the 
voltmeter  signal  and  an  abrupt  rise  in  current,  both 
resulting  from  the  low  impedance,  low  inductance  short. 
The  generator  peak  output  voltage  was  adjusted  by  vary¬ 
ing  the  Marx  charge  voltage. 

Experimental  Results 

Nine  shots  were  fired  with  an  open  circuit  load 
where  the  insulator  flashed  because  the  electric  field 
parallel  to  the  insulator  surface,  Es,  was  exceeded  for 
the  effective  times  involved.  The  voltages  and  cur¬ 
rents  for  two  of  these  shots  at  different  peak  output 
voltage  levels  are  shown  in  Fig.  3.  Flashover  is  evi¬ 
dent  from  the  rapid  changes  in  these  waveforms  and  also 
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Fig.  3.  Typical  Waveforms  for  Two  of  the  Open  Circuit, 
Long  Pulse  Shots  on  Gamble  II 

from  the  observation  of  surface  tracking  on  the  insula¬ 
tor  after  each  shot.  Shot  4452  is  a  higher-level  shot 
where  the  insulator  flashed  while  the  voltage  was  still 
rising.  This  contrasts  Shot  4454,  where  the  the  lower- 
level  voltage  had  passed  the  peak  and  was  dropping  when 
flashover  occurred.  Although  these  shots  were  nominal¬ 
ly  open  circuit,  it  is  possible  that,  with  the  peak 
voltages  ranging  from  556  to  843  kV,  the  electric  field 
on  the  enhanced  edge  of  the  cathode  center  conductor 
exceeded  the  threshold  for  electron  emission.  Ultra¬ 
violet  light  from  these  emission  sites,  or  from  where 
these  emitted  electrons  struck  the  outer  conductor,  may 
have  triggered  the  flashovers. 

During  these  tests  insulator  flashover  occurred  over 
a  range  of  0.8  to  2.25  ps  from  the  beginning  of  the 
pulse,  with  a  corresponding  teff  (time  that  the  voltage 
exceeded  89%  of  the  maximum  value)  of  0.17  to  0.55  ps. 
The  results  of  all  the  open  circuit  shots  are  shown  as 
crosses  in  Fig.  4  where  the  mean  flashover  field  is 
plotted  as  a  function  of  teff.  In  addition  to  the  open 
circuit  shots,  a  number  of  shots  were  taken  with  a 
12 -cm  dia.  hollow  cathode  protruding  from  the  central 
hub.  This  was  meant  to  test  the  effect  on  insulator 
flashover  of  passing  a  small  current  in  an  electron 
beam,  that  is  a  direct  line-of-sight  to  the  insulator. 
Most  of  these  shots  drew  so  much  current  that  the  volt¬ 
age  was  too  low  to  cause  flashover,  however  flashover 
did  occur  on  two  shots  that  had  a  large  anode  -  cathode 
gap.  These  points  are  shown  in  Fig.  4  as  triangles. 
They  are  significantly  lower  than  the  shots  without 


Teff  (ms) 


Fig.  4.  Flashover  Field  vs.  Teff  for  the  G5  Insulator 


current  flow,  indicating  the  presence  of  the  e-beam 
current  decreased  the  insulator  flashover  voltage. 

This  is  probably  a  result  of  e-beam  generated  ultra¬ 
violet  light  interacting  with  the  insulator  surface. 

£  Also  shown  in  the  figure  are  two  points  correspon- 

”  ding  to  the  standard  Gamble  II  pulse  (2.1  MV,  teff  = 

g  45  ns)  with  a  line  drawn  through  these  points  represen- 

“  ting  the  familiar  teff-1/4  relationship  [6]  of  vacuum 

o  insulator  flashover  for  short  pulses.  Figure  4  shows 

that  the  flashover  levels  of  the  open  circuit,  long 
pulse  shots  were  considerably  less  than  what  would  be 
predicted  by  the  teff-1/4  relation.  Although  the 
flashover  voltages  for  the  long  pulses  were  not  as  high 
as  might  have  been  expected,  they  were  significantly 
higher  than  the  Hawk  operating  point  during  POS  con¬ 
duction,  which  is  shown  as  a  filled- in  circle  in 
Fig.  4. 

Insulator  Performance  on  Hawk 

Based  on  the  above  results,  the  decision  was  made 
to  install  the  G5  insulator  assembly  on  the  Hawk  gener¬ 
ator  where  it  has  been  used  successfully  for  more  than 
a  year.  In  addition  to  the  normal  lower  level  pulse, 
high  level,  short  duration  pulses  of  more  than  1.5  MV 
have  been  produced  across  the  insulator  during  the 
opening  phase  of  the  POS. [5]  The  insulator  voltage  for 
a  typical  high-voltage  shot  is  shown  in  Fig.  5  where 
the  low  level  voltage  (100-200  kV  for  the  Hawk  charging 
voltage  of  80  kV)  during  POS  conduction  had  a  duration 
of  0.7  fis  after  which  the  POS  opened,  producing  a  volt¬ 
age  at  the  insulator  of  about  1.6  MV  with  a  FWHM  of 
70  ns  without  flashover.  Occasionally,  flashovers  of 
the  insulator  occurred,  but  after  the  required  power 
pulse  was  delivered  to  the  load.  Also,  no  servicing  of 
the  insulator  is  required  after  a  shot  with  flashover 
to  restore  full  voltage  operation. 
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Fig.  5.  Typical  Hawk  Insulator  Voltage  Waveform 


Summary 

The  Gamble  II  test  results  clearly  showed  the  long 
pulse  requirements  of  Hawk  (265  kV,  teff=0.3  ps)  could 
be  easily  met  with  the  G5  insulator,  because  flashovers 
only  occurred  for  voltages  greater  than  675  kV  for 
pulses  with  this  value  of  teff.  However,  the  Gamble  II 
tests  did  not  simulate  the  complete  time  history  of  the 
Hawk  voltage.  In  particular,  the  voltage  spike  asso¬ 
ciated  with  POS  opening  was  not  simulated.  Thus,  these 
tests  could  not  provide  conclusive  proof  that  the  in¬ 
sulator  would  be  adequate  for  Hawk.  On  the  other  hand, 
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if  the  insulator  had  failed  these  tests  then  it  would 
have  been  certain  that  it  would  not  be  suitable  for  the 
Hawk  generator. 

The  G5  insulator  has  been  successfully  fielded  on 
the  Hawk  generator  where  it  has  been  in  operation  for 
over  a  year.  In  the  few  cases  that  flashovers  have 
been  observed,  they  have  occurred  after  the  required 
power  pulse  has  been  delivered  to  the  load. 
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